T by obstetricians has led to the realization that pregnancy may often be complicated by the development of thrombocytopenia. Thrombocytopenia in pregnant individuals may result from the effects of several diverse processes, which may be either physiologic or pathologic. In addition to disorders that may cause thrombocytopenia in nonpregnant women, pregnant patients are at risk for the development of thrombocytopenia caused by syndromes such as preeclampsia, which are unique to pregnancy. Thus, determining the significance of thrombocytopenia in a pregnant patient depends on the accurate identification of its underlying cause. In this report we review the major causes of thrombocytopenia that occur during pregnancy, and discuss their pathogenesis and management. These include the syndromes of immune thrombocytopenic purpura (ITP), preeclampsia and the HELLP syndrome (hemolysis, elevated liver function tests, low platelets), thrombotic thrombocytopenic purpura (TTP), and the hemolytic uremic syndrome (HUS). Other causes of thrombocytopenia in pregnancy, such as systemic lupus erythematosus (SLE), type I1 von Willebrand disease (vWD), and disseminated intravascular coagulation will be discussed only briefly. It is likely that ihe pathophysiology of these diverse syndromes involves complex interactions between platelets and the vessel wall, antiplatelet antibodies and IgG-containing immune complexes. The integrity of the maternal and fetal reticuloendothelial systems, as well as the efficiency of platelet production by megakaryocytes within fetal and maternal bone marrow (BM), also play important roles in determining the severity of thrombocytopenia that may develop in a particular individual. These considerations highlight the need to further clarify the complex processes that influence the maternal and fetal platelet counts during pregnancy.
ITP
ITP is the most common cause of thrombocytopenia in the first and second trimesters of pregnancy.' Because the incidence of this disease is greatest in females during their childbearing the concurrence of pregnancy and ITP is not unusual. Although it has been estimated that ITP affects only 1 to 2 of every 10,000 pregnancie~,~ recent reports describing large cohorts of pregnant women suggest that the true incidence of ITP in pregnancy may be substantially higher.5 Pregnancy has generally not been believed to impact significantly on the development or severity of ITP6; however, we and others have observed that thrombocytopenia in individual patients with ITP often worsens during pregnancy and improves after delive~y,~ suggesting that pregnancy may lead to exacerbations of the disease in some cases.1.6 These observations are similar to those reported in autoimmune hemolytic anemia, which may result from accelerated erythrocyte clearance caused by the effects of the hormonal milieu of pregnancy on reticuloendothelial cell function. 6 The pathophysiology of ITP has been summarized in several excellent reviews?-15 Harrington et all6 initially demonstrated that the disorder was humorally mediated when he developed thrombocytopenia after infusing himself with plasma from a patient with ITP. HarringtonI7 also showed that the humoral mediator of ITP was present in the gamma globulin fraction of serum, and Shulmanls subsequently provided evidence that this mediator was IgG. These observations were confirmed with the eventual development of assays such as the platelet antiglobulin test. 19 With the subsequent development of more specific techniques for the detection and characterization of plateletreactive antibodies, such as immunoblotting, immunoprecipitation, and antigen immobilization assays (MAIPA), it has been found that these antibodies recognize distinct epitopes expressed on platelet-surface glycoproteins, including the glycoprotein (GP) IIb/IIIa and Ib/IX complexes.20-22 In some cases, these antibodies may also activate complement.19 Once coated with antibody, target platelets are removed from the circulation by binding to Fcy receptors expressed by macrophages within the reticuloendothelial system, primarily the spleen.u Platelets from approximately 90% of patients with ITP display increased levels of platelet surface-associated IgG,10311J9 although platelets from patients with thrombocytopenia resulting from other causes may display similar a b n o r m a l i t i e~.~~.~~ Because the immune destruction of platelets has not been established in all patients with increased levels of platelet-associated IgG, the utility of such measurements remains a topic of debate,24,26 and antigen-specific assays may ultimately prove more useful in making a diagnosis of ITP.14 However, at the present time, an otherwise healthy patient with isolated thrombocytopenia, normal-appearing or mildly enlarged platelets on the peripheral blood film, and a bone marrow containing normal or increased numbers of megakaryocytes is presumed to have ITP, providing that a history of recent ingestion of drugs associated with the development of thrombocytopenia is not present.14 One caveat to this assumption is the association of early, asymptomatic human immunodeficiency virus (HIV) infection in individuals not previously known to be infected with the virus, with the development of thrombocyt~penia.~~-~~ This HIV-associated thrombocytopenic syndrome may also be immunemediated, perhaps involving binding of immune complexes containing antiidiotypic antibodies reactive with anti-HIV gp120 antibodies to platelet^,^^,^^ or cross-reactivity of antibodies directed against HIV glycoproteins with the platelet GPIIb/IIIa ~o m p l e x .~~. ~~ The pathogeneis of ITP in children and adults may differ. Children with ITP most often present acutely with severe thrombocytopenia, accompanied by petechiae and bleeding, usually following a viral infection.35 This form of ITP is generally self-limited.12 In contrast, adults generally present with milder bleeding symptoms such as menorrhagia or easy bruisability, and are often diagnosed only after thrombocytopenia has been detected on routine automated blood counts. ITP in adults runs a chronic course, and long-term therapy with glucocorticoids or other modalities is usually required to maintain an adequate platelet count.1° Many adults with ITP require splenectomy, which results in remission in approximately 70% of patients. I4 The aspect of ITP that is unique to the pregnant patient is that the fetus, as well as the mother, may be affected by this disorder. Several early reports documented the development of transient thrombocytopenia in the infants of women with ITP,16,36,37 and in 1979 Kernoff et aP8 detected elevated levels of platelet-associated IgG in the cord blood of such a thrombocytopenic infant. Maternal plateletreactive IgG appears to be actively transported to the fetal circulation subsequent to its binding to Fcy receptors on the syncytiotrophoblast cells of the p l a~e n t a .~~-~* Once in the fetal circulation, maternal platelet-reactive IgG binds to relevant epitopes on fetal platelets, and the antibodycoated cells are then cleared by macrophages within the fetal reticuloendothelial system. However, the degree of fetal thrombocytopenia does not necessarily correlate directly with the amount of platelet-reactive IgG in cord blood,43,44 and thus several other factors, such as the relative affinity of maternal antibodies for fetal platelets, the maturity of the fetal reticuloendothelial system, and the ability of the fetal bone marrow to compensate for increased platelet destruction all interact to determine the degree of fetal t h r~m b o c y t o p e n i a .~~*~~,~ Because fetal blood is relatively inaccessible to routine examination, and quantitative analyses of the variables mentioned above are not possible, the goal of developing a reliable method for predicting the degree of fetal thrombocytopenia has not been achieved. This topic is a focus of current investigation, since fetal and neonatal thrombocytopenia may cause severe morbidity.47 The most devastating consequence of neonatal thrombocytopenia is intracranial hem0rrhage,4~*~' which may be accompanied by profound neurologic sequelae. A general assumption is that head trauma associated with passage of the fetus through the birth canal during labor and delivery is a major factor precipitating this catastrophy, although this has been questioned by some investigators. 46 Despite the inability to reliably predict the platelet counts of infants born to mothers with ITP, much information of use in the management of this syndrome has accumulated. First, thrombocytopenia (platelet count < 150,OOO/~L) in infants born to mothers with a definite history of ITP is relatively common, occurring in 15% to 65% of infants born to women with this disorder.5,43,46,48-50-52 Moreover, between 6% and 70% of these infants will have severe thrombocytopenia (platelet count < 50,000/ ~L ) , 5 p~3 3~~7~~-~~ and thus be at potential risk for intracranial hemorrhage. Second, some investigators have noted that infants born to mothers with ITP who have previously given birth to infants without thrombocytopenia tend not to be thrombocytopeni~.5~.~~ Third, the maternal platelet count does not correlate with that of the f e t~~,~~,~~,~~,~ and women with a prior history of ITP, or with ITP in remission (eg, following splenectomy), may still deliver severely thrombocytopenic infant^.^,^^,^^ This likely occurs because asplenic patients in clinical remission may not necessarily be in immunologic remission, and circulating platelet-reactive IgG may be present in their plasma. Fourth, several studies have shown that the level of maternal platelet-associated IgG is not a reliable predictor of the neonatal platelet ~o u n t . 5 J~,~~ In contrast, reports from one g r o~p~~,~~ have suggested that the amount of circulating antiplatelet antibody in maternal serum may be useful in this regard; however, these observations need to be confirmed by other^!^,^,^^ The utility of measuring circulating maternal anti-platelet IgG in predicting the development of fetal thrombocytopenia must also be examined in the light of reports in which dizygotic twins born to mothers with ITP were found to have discordant platelet c o~n t s .~~,~~ These observations emphasize the fact that although transplacental passage of maternal platelet-reactive IgG into the fetal circulation plays a central role in the development of fetal thrombocytopenia, several additional variables interact to determine the ultimate fetal platelet count at the time of delivery.
In recent years, several investigators have reported the development of mild to moderate thrombocytopenia in otherwise healthy pregnant patients with no prior history of ITP. The pathogenesis of thrombocytopenia in this disorFor personal use only. on November 15, 2017. by guest www.bloodjournal.org From der, which has been termed "pseudo ITP,"S7 " i n~i d e n t a l "~,~~ or "ge~tational"~5 thrombocytopenia, is not understood. This syndrome may represent either the de novo development of ITP during pregnancy, or an acceleration of the physiologic pattern of increased platelet destruction that occurs during Because some patients with incidental thrombocytopenia have elevated levels of plateletassociated IgG and/or circulating IgG antiplatelet antibodie~,S2,5~ this disorder is not easily distinguishable from classical ITP.S3 However, the recognition and diagnosis of this syndrome is important, because infants born to individuals with incidental thrombocytopenia appear to have a markedly reduced risk of developing thrombocytopenia when compared to infants born to patients with a history of ITP antedating p r e g~~a n c y .~,~~,~~.~~ For example, in a series of 1,357 healthy pregnant women, 112 (8.3%) were found to have platelet counts less than 15O,OOO/pL, with the lowest platelet count being 97,000/pL.58 The incidence of thrombocytopenia in the infants of these 112 thrombocytopenic women (4.3%) was not statistically different from that of infants born to healthy pregnant women who did not develop thrombocytopenia during pregnancy (1.5%). Furthermore, none of the infants born to these thrombocytopenic women had either platelet counts less than lOO,OOO/pL or any hemorrhagic complications. Similar results were obtained in an additional study involving 300 healthy pregnant women with incidentally detected thrombocytopenia (lowest platelet count 43,OOO/pL) and their off~pring.~ Only 4% of these infants had thrombocytopenia and none had hemorrhagic complications. An additional in which neonatal thrombocytopenia was noted in only 3 of 74 infants born to mothers with incidental thrombocytopenia (with none of these infants having platelet counts < 50,000/ pL), supports these observations. These studies suggest that the risk of severe thrombocytopenia in infants born to mothers with incidential thrombocytopenia is ~ma11,5~,~~ and it has therefore been suggested that patients with this syndrome should not be subjected to percutaneous umbilical blood sampling (PUBS) for measurement of the fetal platelet co~nt.~l-63 However, it should be noted that rare patients with apparent incidental thrombocytopenia have delivered thrombocytopenic infants2O Therefore, further studies designed to clarify the pathogenesis of this disorder are warranted. The primary goal of such studies should be the development of noninvasive assays that could be performed on maternal blood and allow clinicians to accurately distinguish incidental thrombocytopenia from ITP. Such studies should also include long-term follow-up of women with presumed incidental thrombocytopenia, particularly those with platelet counts less than 75,OOO/pL, to determine whether a subgroup of these individuals ultimately developes ITP.
PREECLAMPSIA AND THE HELLP SYNDROME
Preeclampsia is the most common medical disorder of pregnancy64 and contributes significantly to maternal and fetal morbidity and mortality.65 This disorder affects approximately 5% to 13% of pregnancies, most commonly those of primigravidas, and usually occurs in the third t r i m e~t e r .~~.~~ To meet the criteria for a diagnosis of preeclampsia, the patient must have a blood pressure of at least 140/90, as well as proteinuria of > 0.3 g/24 h or 10 mg/dL in at least two random specimens collected 6 hours apart.@ Patients with elevated blood pressure in the absence of proteinuria are considered to have pregnancy-induced hypertension (PIH).@ Although early classification schemes included only primagrividas, PIH and preeclampsia occasionally occur in multiparous women,69 sometimes associated with a change of male partners.7o For unknown reasons, preeclampsia is most frequently observed in women less than 20 or greater than 30 years old.67,71 Between 15% and 50% of patients with preeclampsia develop thrombocytopenia at some point in the course of their i l l n e s~,~~-~~ making preeclampsia a common cause of significant thrombocytopenia during the third trimester of pregnancy.
Although the pathogenesis of preclampsia is poorly understood, the observation that this disorder may develop in patients with hydatidiform moless2 and usually remits soon after delivery suggests that the disease is initiated and mediated by factor(s) released from or contained within the pla~enta.~3-= Additional studies suggest that in many cases of preeclampsia, placentation, the process by which fetal trophoblasts invade uterine tissue and remodel the uterine spiral arteries,86-8s is disordered, with an apparent deficiency in the remodeling of these vessels by trophob l a s t~.~~,~ Deficient placentation leads to the formation of a uteroplacental vasculature that is unable to deliver adequate amounts of maternal blood to the placenta and fetus, ultimately leading to the development of placental ischemia.&l In response to progressive ischemia, the placenta may release diminished amounts of physiologic mediators necessary for maintenance of the normal gestational hemodynamic state, or, alternatively, release pathologic factors that may contribute to the clinical manifestations of pree~lampsia.83.8~ It has been suggested that imbalances in the metabolism and release of prostaglandins by both placental and extraplacental tissues may play a prominent role in the pathogenesis of preeclampsia. Both the diminished production of prostacyclin (PG12) and PGE?, and augmented production of thromboxane (TXA2) and PGFk have been reported in this disorder, potentially contributing to the development of hypertension, reduced uteroplacental blood flow, and platelet a~tivation.s~.~~-~3 Other potential mediators of the preeclamptic state include the vasoconstrictors end0thelin-19~-~6 and serotonin,97 the latter presumably released from activated platelets in the microvasculature. However, the relative importance of these mediators and the relationship between deficient placentation, uteroplacental ischemia, and the development of preeclampsia remains uncertain. Furthermore, additional studies have implied that the pathogenesis of preeclampsia may primarily involve alterations in immune function.98 Antibodies against laminin,* collagen,lW endothelial cellslol and smooth muscle cells,lo2 as well as increased levels of plateletassociated IgG,lo3 have all been observed in the sera of preeclamptic patients. Whether these antibodies are actually involved in the pathogenesis of the syndrome is unknown.
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The pathogenesis of preeclampsia-associated thrombocytopenia is equally unclear. Patients with preeclampsia who develop thrombocytopenia appear to manifest a state of accelerated platelet destruction which exceeds that observed in the course of normal pregnancy. The observations that the mean platelet volumes in these patients are usually increased77 and that bone marrow specimens obtained from patients with preeclampsia-associated thrombocytopenia reveal normal to increased numbers of megakaryocyte^'^^ suggest the presence of young platelets in the circulation and a compensated thrombocytolytic state. The increased rate of platelet destruction observed in this disorder may result from several potential mechanisms. These include pathologically increased adherence of circulating platelets to damaged or activated endothelium, activation of the coagulation system with accelerated thrombin generation leading to platelet activation and enhanced platelet clearance, or removal of IgG-coated platelets by the reticuloendothelial system. In the latter situation, the plateletassociated IgG may represent antiplatelet antibody, or more likely, circulating immune complexes, elevated levels of which have been reported in preeclampsia.loSJM Activation of both the coagulation and fibrinolytic systems, occasionally leading to the development of disseminated intravascular coagulation (DIC), occurs in some patients with preeclampsia, and may play a role in stimulating platelet activation and accelerated c l e a r a n~e .~~J~~J~~ In the antepartum state, procoagulant processes appear to predominate and may contribute to the development of microthrombi and fibrinoid necrosis, which occur primarily in the liver and placenta.lo9 However, clinically evident DIC occurs in only the most severe cases, and measurement of the prothrombin time (PT), partial thromboplastin time (PTT), fibrin degradation products (FDP), and fibrinogen levels in preeclamptic patients usually yields normal res u l t~.~~~-~~~ Nevertheless, more sensitive assays of procoagulant activity have shown that the coagulation system becomes activated to a subtle degree in many preeclamptic patients who manifest neither the clinical nor the classic laboratory manifestations of DIC. For example, antithrombin I11 (AT 111) levels were reported to be significantly reduced (<70% normal activity) in a series of 22/25 preeclamptic patients, suggesting that reductions of AT I11 to this degree may be useful diagnostically in preeclampsia.l14 Similar findings have been obtained in other laboratories.l15 The levels of thrombin-AT I11 (TAT) complexes have also been noted to be elevated, and those of protein C decreased in preeclamptic, compared with normal pregnant patients,l16 although the wide scatter of both TAT and protein C levels among patient and normal pregnant groups precludes the use of these assays as diagnostic aids. Interestingly, significant elevations in fibrin D-dimer levels were observed in 39% of preeclamptic patients, although only approximately one third of these had concurrent elevations in fibrin degradation products. Patients with elevated Ddimer levels displayed a more virulent clinical course, suggesting that this assay may be useful in defining a subgroup of patients destined to develop more severe disease."' Relevant to these observations, others have observed that plasma levels of both tissue plasminogen activator (tPA) and plasminogen activator inhibitor type I (PAI-1) are increased in preeclamptic patient^.^^^,^^^ Finally, the FVII-related antigen (vWF)/FVIIIc ratio has been reported to be elevated in most patients with severe preeclampsia.120 These findings appear to reflect primarily the elevated levels of vWF subsequently reported in this disorder,121,122 rather than significant reductions in factor VIIIc. However, occasional patients demonstrate alterations in this ratio before the development of other manifestations of preeclampsia, perhaps indicative of subclinical endothelial dysfunction.123 Although these findings may provide insight into the pathogenesis of preeclampsia in some individuals, no specific coagulation assay has been shown to either reliably predict or confirm the diagnosis of preeclampsia, though it has been proposed that coagulation indices derived from several individual coagulation assays may be more useful in this regard.11sJ24 Taken together, these studies show that subtle degrees of activation of the coagulation system occur in many patients with preeclampsia; in some of these cases, it is likely that this process contributes to the development of thrombocytopenia by the induction of thrombin-mediated platelet activation. However, some investigators believe that in many cases of preeclampsia, activation of coagulation is insufficient to account for the degree of thrombocytopenia observed.72 This view is supported by experimental data comparing the results of serial measurements of plasma fibrinopeptides (sensitive markers of the effects of thrombin on fibrinogen), with levels of P-thromboglobulin (PTG) and platelet factor 4 (PF4) (platelet granule proteins released on platelet activation).125J26 These studies indicate that in some patients with preeclampsia-associated thrombocytopenia, marked elevations in the plasma levels of platelet granule proteins occur in the presence of relatively minor differences in fibrinopeptide levels, suggesting that accelerated platelet clearance and thrombocytopenia in many patients may occur by mechanisms distinct from thrombin-mediated platelet activation.125J26
An additional clue to the pathogenesis of preeclampsiaassociated thrombocytopenia may be gleaned from the observation that thrombocytopenia may be one of the earliest clinical manifestations of the disease, often preceding other sensitive laboratory manifestations of this disorder, such as elevations in plasma urate levels.127 Thus, progressive, isolated thrombocytopenia occurring in the third trimester of pregnancy should raise the question of early preeclampsia, even in the absence of hypertension and proteinuria. In fact, platelet metabolic abnormalities, which precede the onset of thrombocytopenia, have been identified even in the first trimester of pregnancy in some patients destined to develop p r e e~l a m p s i a ,~~-~~~ and may be an early predictor of the development of this disease.lZ8 Identification of these abnormalities early in gestation have led some investigators to propose that platelets may actually play a central role in the pathogenesis of preeclamp~i a , '~~ and that platelet activation may be the primary event
For personal use only. on November 15, 2017. by guest www.bloodjournal.org From which not only precedes, but in some cases promotes, the enhanced thrombin generation and AT I11 consumption reported in this d i~0 r d e r . l~~ This hypothesis may explain, in part, the ability of aspirin to prevent or ameliorate preeclampsia in some cases.134J35
Despite these intriguing observations, the mechanisms accountable for abnormal platelet function, platelet activation, and accelerated platelet clearance in preeclampsia have not been defined. It is possible that the presence of elevated levels of plasma cellular fibronectin,136J37 and perhaps other matrix proteins released secondary to vascular damage promote platelet adhesion to damaged or "activated" endothelium. Activation and subsequent disadherence of such platelets might explain the presence of "spent" platelets in the circulation, and account for the fact that many patients with preeclampsia develop acquired abnormalities in standard laboratory measurements of platelet f~n c t i o n .~~, '~~ The role of deficient serum platelet-activating factor (PAF) inhibition139 in the pathogenesis of preeclampsia also remains uncertain, but might be of importance in promoting platelet activation in the microvasculature at sites of vascular injury.
The HELLP syndrome has received much attention in recent years; however, this syndrome does not appear to be a unique disorder, but rather a variant of preeclampsia. First described in 1975,140 HELLP has also been referred to as EPH (edema, proteinuria, hypertension) gestosis type B. 141 The phrase "HELLP" was first suggested in 1982, 142 and the criteria for diagnosis of this syndrome include: (1) microangiopathic hemolytic anemia with schistocytes on the peripheral blood film, bilirubin 2 1.2 mg/dL, and LDH 2 600 U/L; (2) serum glutamic oxaloacetic transaminase (SGOT) 2 7 0 U/L; and (3) thrombocytopenia, with a platelet count less than 100,000/pL.143 Thrombocytopenia is a prominent manifestation of HELLP, and may be severe, with platelet counts less than 50,000/p.L.144-148 Because many patients with HELLP also manifest hypertension and proteinuria, the clinical overlap with preeclampsia is evident; indeed, 4% to 12% of patients with preeclampsia will also meet the diagnostic criteria for HELLP.143 Although the pathogenic mechanisms underlying the development of HELLP and preeclampsia are probably similar, the value of formulating diagnostic criteria for HELLP is to make the clinician aware of the potential presence of such a disorder, which is associated with 7.7% to 60% maternal, and up to 24% fetal mortality rates,143 in thrombocytopenic pregnant patients presenting with vague, constitutional symptoms in the absence of hypertension and proteinuria. While approximately 80% to 95% of patients with the HELLP syndrome present with malaise, right upper quadrant and/or epigastric pain, and nausea,143-145J48J49 only 70% to 85% of patients with this disorder have proteinuria, which often is minimal, and only approximately 50% of patients have edema and/or h y p e r t e n~i o n . '~~J~~ The lack of hypertension and significant proteinuria, in addition to the observation that the HELLP syndrome develops more frequently in older (> 25 years), white, multiparous women than does preeclampsia, may lead to erroneous diagnoses. Patients may be misdiagnosed with such disorders as viral hepatitis, gastroenteritis, pyelonepritis, or chole~ystitis,'~~ leading to delays in the institution of appropriate therapy. Thus, the presence of thrombocytopenia in a nonhypertensive pregnant patient with malaise, right upper quadrant pain, and no or minimal proteinuria should be considered as potentially indicative of the HELLP syndrome, although the possibility of other general medical illnesses should not be disregarded.
Infants as well as mothers of patients with either preeclampsia or the HELLP syndrome may also develop thrombocytopenia, although the incidence of this complication appears substantially lower than in ITP. In one study, thrombocytopenia developed in 8 of 17 infants born to preeclamptic mothers, although 3 of these infants had septic complications as a potential cause of their thrombocytopenia.s0 In another report, 36% of infants born to mothers with severe pregnancy-induced hypertension had thrombocytopenia, as opposed to 11% of gestational agematched infants born to mothers without PIH.'S0 However, in both these studies, it is uncertain how soon after delivery neonatal platelet counts were determined, and other investigators have not detected an increased incidence of thrombocytopenia in infants of mothers with severe PIH when only cord blood platelet counts were c o n~i d e r e d .~~J~~ The results of these studies suggest that prematurity and its complications, such as sepsis and development of the acute respiratory distress syndrome, are the major causes of thrombocytopenia in infants of preeclamptic mothers, and that severe thrombocytopenia does not develop in these infants until after delivery. This observation has obvious implications for the obstetrical management of women with these disorders. Little information concerning the potential pathogenesis of thrombocytopenia in infants of preeclamptic mothers is available, although increased plateletassociated IgG,152J53 and elevated levels of circulating platelet-reactive IgG153 in the cord blood of such infants have been reported. However, a lack of correlation between the levels of platelet-associated IgG and the cord blood platelet count in the infants of preeclamptic mothers makes the pathophysiologic importance of platelet-associated IgG in this setting uncertain.lS3
TTP AND HUS TTP and the HUS are disorders characterized by microangiopathic hemolytic anemia and severe thrombocytopenia. Although neither disease is unique to pregnancy, occasional cases occur in this setting, and therefore should be considered by the clinician evaluating a pregnant patient with thrombocytopenia.
TTP is characterized by a pentad of findings that include microangiopathic hemolytic, anemia, thrombocytopenia, neurologic abnormalities (including confusion, headache, paresis and, in some cases, seizures), fever and renal dysf~nction.~~~-156 However, this complete pentad occurs in only 40% of patients, although approximately 74% present with the triad of microangiopathic hemolytic anemia, thrombocytopenia, and neurologic changes.157 Pathologic findings For personal use only. on November 15, 2017. by guest www.bloodjournal.org From in this disorder consist primarily of widespread thrombotic occlusion of arterioles and capillaries. These lesions involve multiple organs, most commonly the kidney, brain, pancreas, heart, spleen, and adrenal glands.158 The specific clinical manifestations of this disease in an individual patient reflect the extent of involvement of these organs. The pathophysiology of TTP is unknown, although diffuse endothelial damage with impaired fibrinolytic activity of involved v e s~e l s ,~~~J~~ abnormalities in endothelial cell prostacyclin production,161 circulating platelet aggregating factors,162 endothelial cell reactive antibodies,163 and abnormally large vWF multimers have all been implicated.'@' The incidence of TTP in pregnancy is high enough to suggest that the pregnant state per se may be a predisposing factor for the development of this disease.Is5
Specific information concerning the presentation and clinical course of TTP in pregnant patients has been provided by Weiner,165 who reviewed the cases of 45 patients with this syndrome. Although this series may include some patients with clinical manifestations more consistent with preeclampsia, the accumulated data from the entire patient group provides insight into the diagnosis and management of TTP during pregnancy. Of the 45 cases reviewed, 40 developed antepartum, with 58% occurring before 24 weeks of gestation. The mean gestational age at the onset of symptoms of the patients reported was only 23.5 weeks.165 This observation may be of use when attempting to distinguish TTP from other syndromes in which microangiopathic hemolytic anemia may be a cardinal feature, such as preeclampsia, HELLP, and the hemolytic uremic syndrome, because the first two of these diseases occur almost exclusively after 36 weeks of pregnancy, and only rarely in the second trimester,'@ while the hemolytic uremic syndrome occurs most frequently p o s t p a r t~m '~~ (see below). It has been proposed that measurement of the AT I11 level may also be of help in differentiating these syndromes, since consumption and/or diminished production (caused by hepatic dysfunction) of this protein occurs more frequently in preeclampsia or the HELLP syndrome than in TTP.'14 However, although clinically evident DIC is uncommon in TTP, excessive thrombin generation167 and stimulation of fibrinolytic a c t i~i t y '~~,~~~ have been reported, and it is unlikely that assays which reflect the activity of these processes will prove to have significant discriminatory value in these disorders.
Before the widespread use of plasma therapy in TTP, the development of this syndrome in the antepartum setting was associated with a poor prognosis for both the fetus and mother.165 Because the syndrome usually develops in the second trimester, before fetal lung maturity, emergent delivery of the fetus is not a therapeutic option. In the series of Weiner, which consisted primarily of patients not treated with plasma infusion or exchange, the overall fetal and maternal mortality rates were 80% and 44%, respectively. However, all 17 mothers treated with plasma survived, and several reports of successful plasma therapy of pregnancyassociated 'ITP have recently appeared (see below).
The hemolytic uremic syndrome bears many similarities to TTP.169 Patients with this syndrome manifest a triad of microangiopathic hemolytic anemia, acute nephropathy, and thrombocytopenia. HUS occurs most frequently in infants and children, in whom it is generally self-limited, and therefore associated with a relatively good prognosis170; the disorder is uncommon in adults. Generally, thrombocytopenia in HUS is somewhat milder than in TTP, with only 50% of patients having platelet counts less than lOO,OOO/pL at the time of presentation. However, virtually all patients with HUS develop thrombocytopenia of this degree at some point in their clinical course, and platelet counts may decrease to as low as 5,OOO/pL in severely affected pat i e n t~~'~; thus, the degree of thrombocytopenia is not a useful feature in distinguishing these disorders. In contrast to TTP, patients with HUS generally display more severe renal involvement; acute renal failure is a prominent manifestation of the disease in many patients, and 15% to 25% of patients with HUS develop chronic renal disease.155,170 In accordance with these clincal manifestations, the microvascular lesions of HUS, which are similar to those of TTP, are primarily limited to the kidney.156J71,172 Although the pathogenesis of HUS is not well defined, several factors appear to predispose to its development. First, particularly in children, at least 75% of cases follow an episode of gastroenteritis caused by a verocytotoxinproducing strain of Escherichia coli or Shigella.173J74 These verotoxins have been shown to both induce the release of vWF from, and exhibit direct cytotoxicity to, cultured endothelial cells.175~176 These effects may account for the increased levels and altered multimeric distribution of vWF observed in plasma from patients with HUS.177J78 However, other factors, such as the ability of verotoxin to induce platelet aggregation179 and the presence of cytotoxic antiendothelial cell antibodies, may also be involved in the pathogenesis of this disorder. 180 In addition to infection with verotoxin-producing enteric bacteria, several conditions, including cyclosporine therapy,lS1 cytotoxic drugs,182 and oral contraceptive^'^^ may predispose to the development of HUS in adults. Several features of HUS may also occur in association with disorders such as malignant hypertension, scleroderma, or rapidly progressive glomerulonephritis. However, the adult form of HUS occurs most commonly following a normal pregnancy, usually developing 48 hours or more after delivery,155,165,184,185 and has been referred to in previous reports as "malignant nephrosclerosis,"lS6 "irreversible postpartum renal failure,"187 or "postpartum intravascular coagulation."188 Only occasional cases of HUS developing antepartum have been r e p~r t e d . l~~J~~ As with 'ITP, the time of onset of this syndrome may be of use in differentiating HUS from other pregnancy-associated microangiopathic hemolytic anemias because it may be difficult to distinguish preeclampsia or the HELLP syndrome from HUS on laboratory or physical findings alone. While only 1% to 3% of all patients with preeclampsia first develop symptoms postpartum, only 9 of 62 cases of pregnancyassociated HUS reviewed by W e i n e P had evidence of antepartum HUS, 4 of whom first developed symptoms on the day of delivery. The mean time from delivery to the diagnosis of HUS in these patients was 26.6 days, with a 
Hematologic malignancies Or myelopthisic processes may a1so lead to the deve1opment of thrombocytopenia in the pregnant patient. These disorders usually can be excluded by thorough examination Of the peripheral b1ood fi1m. Bone marrow examination should be used to further evaluate any morphologic abnormalities noted during examination of is also essential to exclude congenital thrombocytopenia, are usua11y identified before pregnancy* Finally, though most frequently reported in asymptomatic, homosexual men,27,28 HIV-associated thrombocytopenia may also be initiah' diagnosed during pregnancy, and must be considered in the differential diagnosis of thrombocytopenia in this setting. Maternal HIV infection occurs and in some populations, in unmarried WOmen,223 and is associated with approximately a 20% to 50% incidence of Vertical transmission Of HIV to the fetUS.224-226
MANAGEMENT OF THRoMBoCYToPENIA IN PREGNANCY
The clinical management of the pregnant patient with thrombocytopenia is a complex task, requiring close collaboration between the obstetrician and hematologist. The first goal in the management of such patients is to determine the cause of thrombocytopenia in a given individual, as subsequent decisions are dependent on achieving an accurate diagnosis. A thorough history designed to determine whether the patient has been thrombocytopenic previously, particularly in the setting of pregnancy, is essential. Additional pertinent questions might include whether prior deliveries were complicated by excessive bleeding from the episiotomy site, and whether the infant experienced any bleeding complications, including excessive bleeding after circumcision. In addition, symptoms potentially consistent with the early development of preeclampsia or the HELLP syndrome, such as vague right
MISCELLANEOUS CAUSES OF THROMBOCYTOPENIA IN PREGNANCY
several other syndromes may contribute to the developplete discussion of these symptoms is beyond the scope of this review. However, several of these disorders will be mentioned because they are included in the differential diagnosis of pregnancy-associated thrombocytopenia.
one potential cauSe of thrombocytopenia in pregnancy is SLE, the collagen vascular disease most commonly compromising pregnancy. 191,19z Approximately 14% In addition to preeclampsia and the HELLP syndrome, several obstetrical disorders are associated with the &vel-opment of disseminated intravascular coagulation, which, in turn may lead to platelet consumption and thrombocytelism,20i-zo3 placental abruption,204-206 and uterine rupture,zo7 cause an acute release of thromboplastin-rich placental and/or fetal tissue into the maternal circulation?O3 and often present as obstetrical emergencies, with bleeding accompanied by depletion of clotting factors and fibrinogen.203p208 Thus, determining the cause of thrombocytopenia occurring in conjunction with one of these disorders should not be difficult. On the other hand, identifying the cause of thrombocytopenia developing secondary to the compensated, less fulminant form of disseminated intravascular coagulation that occurs in association with the retained dead fetus syndrome203~209~210 may be more difficult. Disseminated intravascular coagulation develops in more than 25% of such patients who retain a dead fetus for greater than 1 month.*Il Although usually initially mild, the severity of DIC in this setting may progressively worsen, developing into a fulminant consumptive coagulopathy unless necrotic fetal tissues are evac~ated.~~3. 211 Another cause of thrombocytopenia, which is not unique to pregnancy but should be considered when evaluating a pregnant patient with a low platelet count, is drug-induced merit of pregnancy-associated thrombocytopenia. A cornare occasionally used to manage pregnancy-induced hyperdifficult to distinguish from renal dysfunction secondary to patients with SLE have a n t i p~o s p~o~i p i~ antibodies,198 the peripheral b1ood. Examination Of the peripheral blood such as the May-Hegglin anomaly, although such disorders 6,221,222 penis. These disorders, which include amniotic fluid embomore co"onlY in women with multiple sexual partners,
General considerations.
For
pain, increasing malaise, or unrelenting cephalgia should be specifically sought. Documentation of rapidly increased weight gain may also be of importance in diagnosing early preeclampsia, which may be preceded by excessive weight gain in the weeks before its presentation. Finally, all thrombocytopenic pregnant patients should be carefully evaluated for the presence of risk factors for HIV infection.
A thorough physical examination is also essential in evaluating the pregnant patient with thrombocytopenia. The blood pressure should be determined in the right arm with the patient on her left side to avoid artifactual diminutions secondary to compression of the inferior vena cava by the gravid uterus. Because of the decrease in peripheral vascular resistance during gestation, the systolic and diastolic pressures in pregnant patients usually decrease,227 and even a blood pressure of 120/80 in a woman approaching term is considered suspicious for impending preeclampsia; pressures exceeding this are considered markedly abnormaLa The examination should also evaluate the patient for the presence of petechiae and ecchymoses, as well as upper extremity and facial edema. Scleral icterus may result from elevated bilirubin levels in the HELLP syndrome. The uterine fundal height should be examined to ensure appropriate size for estimated gestational age. The abdominal exam should also specifically determine whether hepatomegaly or right upper quadrant tenderness is present, either of which may occur in preeclampsia or the HELLP syndrome. Any suspected abnormalities in either uterine size or in the examination of the right upper quadrant should be further evaluated by ultrasound, to obtain an estimate of fetal age and to exclude the presence of hepatobiliary disease such as a hepatic pericapsular hematoma or cholelithiasis. Finally, deep tendon reflexes should be carefully measured, because hyperreflexia and clonus may indicate central nervous system irritability resulting from preeclampsia.
A careful review of the peripheral blood film should be performed by the hematologist in all cases of pregnancyassociated thrombocytopenia to determine whether a microangiopathic hemolytic process is present, and to exclude artifactual causes of thrombocytopenia, such as pseudothrombocytopenia or platelet satellitism. Several other laboratory studies may be of use in evaluating the pregnant patient with thrombocytopenia. The serum urate level may be a sensitive marker of early preeclampsia.228 The levels of creatinine and blood urea nitrogen normally decrease during an uncomplicated pregnancy because of increased plasma volume; thus, levels of these substances that are in or above the normal nonpregnant range may indicate significant renal involvement caused by preeclampsia, HELLP, or the hemolytic uremic syndrome.68 Finally, elevations of transaminases and LDH are observed in preeclampsia and the HELLP syndrome,la-14 and may reflect the development of fibrinoid necrosis within the liver, or microangiopathic hemolysis, respectively.
Thrombocytopenic patients should also be evaluated by an anesthesiologist before delivery, because many women will require anesthesia regardless of whether they deliver vaginally or by cesarean section. The decision as to whether epidural anesthesia may be delivered safely in the setting of thrombocytopenia is controversial. In one study, 14 of 24 patients with platelet counts ranging from 18,OOO/kL to 99,OOO/pL received either epidural (12 patients) or spinal ( 2 patients) anesthesia without complication^.^^^ In another study, epidural anesthesia was safely administered to 61 pregnant patients with platelet counts between 50,OOO/kL and 150,000/~L./230 Thus, it appears that patients with mild thrombocytopenia (platelet counts greater than 50,000/ kL), and perhaps those with even lower platelet counts, may safely receive regional anesthesia. However, factors that may predispose to bleeding complications, such as elevated fibrin split products, medications or other inhibitors of platelet function, should also be considered in this situation.
Because ITP may affect both the mother and fetus, therapeutic decisions concerning this disorder must be based on consideration of the welfare of both. Throughout most of gestation, therapy is prescribed based on the maternal platelet count. However, as the time of delivery approaches, concerns about the fetal platelet count play a prominent role in the decision-making process.
Therapy of the pregnant woman with ITP usually does not differ significantly from that of nonpregnant individu a l~.~-~,~,~~ Therapy is only administered when platelet counts reach unacceptably low values (approximately 30,0OO/pL), or when the patient exhibits signs of bleeding, such as petechiae, purpura, or epistaxis. Prednisone, 1 mg/kg, remains the first line of therapy for pregnant women with ITP, and the response to therapy does not differ from that observed in nonpregnant individuals, with an overall response rate of 60% to 70%.14 For patients who fail to respond adequately to prednisone, several options remain. One option is the administration of intravenous gamma globulin (IVIg). Although the optimal dosage regimen for this agent in the treatment of pregnancy-associated thrombocytopenia has not been determined, dosages identical to those used in nonpregnant individuals (eg, 2 gm/kg administered in divided doses over 2 to 5 days) are usually e m p l~y e d .~~l . *~~ The expense of this therapy is significant; however, its advantage is the potential of avoiding splenectomy in the pregnant patient, because some cases of apparent ITP will remit or lessen in severity after delivery7 (and personal observations). Patients who continue to require administration of IVIg postpartum may more easily undergo splenectomy at that time. Occasional cases of ITP not responding adequately to IVIg alone may occasionally respond to concurrent therapy with IVIg and high-dose IV corticosteroids (methylprednisolone, 1 g IV "pulse").
Patients who do not respond adequately to these modalities should be referred for ~p l e n e c t o m y .~.~~~.~~~ The optimal time during pregnancy to perform this procedure appears to be in the early second trimester because the uterus has not enlarged sufficiently by this point to significantly obstruct the surgical field, and because surgery during this period is associated with a relatively low incidence of premature labor.233 Thus, although the decision to refer a
Management of the pregnant patient with ITP.
For personal use only. on November 15, 2017. by guest www.bloodjournal.org From pregnant patient for splenectomy should not be taken lightly, patients who develop ITP and respond poorly to prednisone or IVIg at an early stage of pregnancy are best referred for splenectomy during the second trimester, rather than attempting to temporize with continued medical management during the remainder of gestation.
In contrast to management of the maternal platelet count, determination of the appropriate therapy for the fetus is more complex. The first consideration in approaching this issue is to determine with as much certainty as possible the correct maternal diagnosis. Because in most cases differentiating ITP from syndromes characterized by the presence of microangiopathic hemolysis can be done relatively easily, the major disorder from which ITP must be distinguished is incidental thrombocytopenia. Differentiation of these syndromes based on clinical and/or laboratory data may be difficult. The likelihood that a patient suffers from ITP rather than incidental thrombocytopenia probably increases as the platelet count decreases; however, no specific platelet count below which incidental thrombocytopenia may be excluded has been identified.5 Furthermore, because many patients with apparent incidental thrombocytopenia have elevated levels of platelet-associated IgG, platelet antibody tests do not differentiate these synd r o m e~>~,~~ Thus, the most useful means of differentiating these syndromes is, by definition, the antenatal h i~t o r y .~~,~~ Thrombocytopenia developing in patients with an antenatal history of ITP most likely results from ITP, and places these individuals at an increased risk of delivering a thrombocytopenic neonate. Patients with no antenatal history of ITP who develop mild to moderate thrombocytopenia during gestation likely have incidental thrombocytopenia. However, some patients without an antenatal history of ITP develop severe thrombocytopenia during gestation, with platelet counts less than 50,0OO/pL reported? Although these patients are considered to have gestational thrombocytopenia based on their history, they may in fact have ITP, and postpartum follow-up studies of such patients to determine whether their thrombocytopenia resolves after delivery have not been performed. We do not believe that a sufficient number of such patients has been reported to justify application of the same management principles to them as to the broad group of patients with less severe incidental thrombocytopenia. We recommend, instead, that patients without a preceding history of ITP, but with platelet counts less than 75,OOO/pL, be considered to potentially suffer from de novo ITP, with their risk of delivering a thrombocytopenic neonate increased accordingly.
After the etiology of maternal thrombocytopenia has been determined as accurately as possible, the physician must decide on the optimal manner for delivery of the fetus. The results of several studies have shown that patients with incidental thrombocytopenia have little risk of delivering a thrombocytopenic infant,5,52,58 and therefore the mode of delivery for these individuals should be dictated only by obstetrical concerns. In contrast, the physician caring for patients with ITP must attempt to identify those individuals with this disorder who are at greatest risk for delivery of a thrombocytopenic infant. One potential mechanism for predicting this outcome is by examining maternal factors, such as the platelet count and the level of circulating and platelet-associated IgG. However, correlation between maternal and neonatal platelet counts is poor,19,24,43,54 and the single prior report' suggesting a correlation between the level of maternal platelet-associated IgG and the neonatal platelet count has not been confirmed in subsequent studies.19,46,51,52,56 In contrast, some reports have demonstrated a close correlation between the levels of circulating maternal platelet-reactive IgG and neonatal platelet
In one study of 23 pregnant patients (one with a twin gestation) with ITP, 9 of 11 patients who delivered thrombocytopenic infants had elevated levels of circulating platelet-reactive IgG, in contrast to only 2 of the 12 mothers who delivered non-thrombocytopenic infantss6 A subsequent study examined the risk of thrombocytopenia in the offspring of 162 pregnant women with pregnancy-associated thrombocytopenia (88 with a history of ITP, 74 with incidental thr~mbocytopenia).~~ None of the patients with incidental thrombocytopenia, as opposed to 18 of the 88 mothers with ITP, gave birth to thrombocytopenic infants. Of the mothers with ITP, 70 had elevated levels of circulating antiplatelet IgG, and all of the thrombocytopenic infants were born to mothers in this group. In contrast, no thrombocytopenic infants were born to any of the 18 mothers who did not have circulating antiplatelet IgG. Thus, in this series, the risk of a pregnant patient with a history of ITP and elevated levels of circulating antiplatelet IgG delivering a thrombocytopenic infant was 26%. A patient with an identical clinical history, but without an elevated level of platelet-associated IgG, had a 0% chance of delivering a thrombocytopenic infant, though the confidence interval for this probability prediction ranged from 0 to 18%. Thus, even a negative test for circulating plateletreactive IgG obtained by a laboratory with extensive experience in this assay, cannot exclude a significant risk (up to approximately 20%) of delivering a severely thrombocytopenic infant. Based on the results of this study and 0thers,4~J~~ we cannot recommend that decisions regarding the mode of delivery of the fetus of a thrombocytopenic mother with ITP be based solely on the results of antiplatelet antibody tests. Furthermore, despite uncontrolled studies that have noted elevations in the fetal platelet count after maternal treatment with p r e d n i~o n e , 2~~.~~~ other studies have not found this agent to be of benefit.43,50 Although some investigators have suggested that the greater efficiency of betamethasone or dexamethasone in crossing the placenta might render these corticosteroids superior to prednisone in the treatment of fetal thromb0cytopenia,2~~~~~ controlled studies have not supported these assumptions.238.240 Finally, IVIg does not predictably increase fetal platelet counts,5°,241,242 despite its efficacy in maternal ITP.
The inability to identify easily measurable maternal factors that provide accurate information concerning the fetal platelet count, as well as the lack of efficacy of maternal medical therapy in the treatment of fetal thrombocytopenia, leads us to recommend sampling of the fetal blood before or at the time of delivery in the offspring of all 245 The former technique involves withdrawal of fetal blood from the umbilical vein, under ultrasound guidance. This technique is more accurate than fetal scalp sampling because contamination of the sample by amniotic fluid or maternal blood is less of a concern. However, the procedure is technically difficult, and may be associated with postpuncture bleeding in up to approximately 38% of fetuses.246 Although this bleeding is usually of short duration and contained within Wharton's jelly, PUBS has also been associated with fetal complications that may necessitate emergency cesarean s e~t i o n , 6~,~~~ and may uncommonly lead to fetal death.248 For these reasons, PUBS should only be performed by physicians experienced in this technique, in a setting where cesarean section can be performed emergently if necessary. Another theoretical concern regarding PUBS is that the fetal platelet count may decrease in the interval between the procedure and delivery, though this remains unproven. Most authorities allow delivery of the fetus by the vaginal route if the fetal platelet count is known to be greater than approximately 50,000/pL.43
Because of its relative safety compared with PUBS, scalp sampling as a means of determining the fetal platelet count has been advocated by some investigator^."^,^^^,^^^ This technique involves removal of blood, via capillary tube, from a small laceration made in the fetal scalp. However, for the scalp to be accessible for this procedure the fetal membranes must be ruptured, the maternal cervix fully dilated, and the fetal head firmly engaged in the maternal pelvis, and thus already under considerable pressure. Furthermore, inaccurate platelet counts may frequently be obtained by this method because of contamination with maternal blood or amniotic fluid. However, in the hands of experienced inve~tigators,4~ correlations between fetal scalp and umbilical cord platelet counts have been good, and a normal fetal scalp platelet count in the setting of maternal thrombocytopenia provides evidence that the fetus is not thrombocytopenic.
Our recommendations concerning the mode of delivery of the offspring of thrombocytopenic patients with immunemediated thrombocytopenia are summarized as follows. First, we recommend that patients with apparent incidental thrombocytopenia and platelet counts greater than 75,000/ pL undergo routine vaginal delivery unless obstetrical indications dictate otherwise. Second, until additional neonatal outcomes are reported, we recommend that women with apparent incidental thrombocytopenia and platelet counts of less than 75,OOO/pL be considered to potentially have ITP. Third, we do not recommend that measurements of either platelet-associated IgG or circulating platelet antibodies alone be used in determining the mode of delivery of the fetus of a thrombocytopenic mother with ITP. Finally, we recommend that all such fetuses undergo PUBS for determination of the platelet count. Those with platelet counts greater than 50,000/ pL may be delivered vaginally, whereas those with lower counts should be delivered by cesarean section. We realize that many of these recommendations are arbitrary, and acknowledge the concerns of those who feel that the risk of fetal blood sampling may in fact outweigh the risk of intracranial hemorrhage resulting from the trauma of vaginal delive r~!~,~~,~~~,~~ However, insufficient data are presently available to allow definitive resolution of these conflicting viewpoints.
Management of preeclampsia and the HELLP syndrome. The major role in the management of preeclampsia and the HELLP syndrome falls to the obstetrician, with the involvement of the hematologist limited to cases complicated by coagulopathy and severe thrombocytopenia. The overall approach to both of these syndromes involves medical stabilization of the patient, followed by delivery of the fetus as soon as possible.81,142,143,148,251 Although the manifestations of preeclampsia or HELLP in some patients may reverse with conservative management,252-254 this outcome appears to be unusual in most series. [142] [143] [144] 148 In addition, some patients with these disorders, particularly those with HELLP, may unpredictably experience sudden and severe clinical d e t e r i~r a t i o n ,~~~ particularly in the presence of disseminated intravascular c o a g~l a t i o n .~~ Because most cases of preeclampsia and HELLP develop after 34 weeks of gestation, by which time the fetal lung has usually matured adequately to support independent lack of fetal lung maturity is usually not a reason to delay delivery. However, if necessary, betamethasone may be administered to the patient upon presentation, and delivery delayed for 24 to 48 hours to allow the full effect of this agent in enhancing fetal lung maturity to ensue.143 Isolated reports have demonstrated that administration of aspirin may occasionally reverse preeclampsia-associated thrombocytopenia in some i n d i v i d~a l s ,~~ though it is uncertain whether such therapy improves fetal outcome. However, in the rare patient who develops preeclampsia or the HELLP syndrome in the mid to late second trimester, such a trial may be warranted, based on the poor fetal outcome predicted in this situation.
Although major hemorrhage in patients with preeclampsia or the HELLP syndrome occurs rarely, minor bleeding is common, and postoperative oozing after cesarean section occurs freq~ent1y.I~~ In some cases, bleeding may result from the effects of a coagulopathy, such as disseminated intravascular coagulation.255 Therapy of bleeding resulting from thrombocytopenia in this setting requires the administration of platelets; however, because the pathophysiology of thrombocytopenia occurring in these syndromes involves accelerated platelet destruction, the survival of transfused platelets is sh0rt.1~~ Therefore, routine platelet transfusion in the absence of bleeding, with the goal of maintaining an arbitrary platelet count, is recommended only in cases of extreme thrombocytopenia with platelet counts less than approximately 20,000/pL.'48 However, most authorities recommend attempting to increase the patient's platelet count to at least 50,00O/pL before cesarean ~e c t i 0 n . l~~ The infusion of additional platelets immediately at the start of this procedure may also help improve hemostasis.143 One group has noted that steroid administration before delivery
After delivery of the patient with preeclampsia or HELLP, platelet counts usually continue to decrease for an additional 24 to 48 hours, after which they begin a rapid recovery.74.145-147,257 In one series, 90% of a group of 61 patients with preeclampsia-associated thrombocytopenia had increasing platelet counts by the third day after while in another, all 25 patients with thrombocytopenia resulting from preeclampsia had achieved a platelet count greater than lOO,OOO/pL within 95 hours postpart~m .~' In a study of 158 patients with HELLP, all patients whose platelet counts recovered spontaneously did so within 6 days, with rebound thrombocytosis developing in all patients.147 However, occasional patients with preeclampsia-associated thrombocytopenia manifest persistently low platelet counts for a prolonged period after delivery, often in the presence of continued multisystem dysfunction and increasing LDH 1 e~e l s . l~~
In one report, thrombocytopenia in seven such patients resolved after plasma exchange therapy,'& with another report describing a similar response in an additional ~a t i e n t . 2~~ Thus, despite the fact that the efficacy of this therapy has not been demonstrated in a randomized trial, plasma exchange therapy in patients with severe thrombocytopenia and evidence of an ongoing preeclampsia of HELLP-like illness lasting more than 5 to 6 days postpartum should be considered.
The presence of thrombocytopenia at the time of delivery in the offspring of preeclamptic patients is unusual, with most infants of preeclamptic mothers who develop thrombocytopenia probably doing so at some point after delive r~.~~~~~~ Furthermore, an increased incidence of intracranial hemorrhage in the offspring of preeclamptic patients, even when delivered vaginally, has not been observed. Therefore, no specific precautions are recommended concerning management of the platelet count in these infants, other than close monitoring for several days after delivery, particularly in those with associated medical pr0b1ems.l~~ Before the early 1980s, the maternal and fetal outcomes in cases of pregnancy complicated by TTP were exceptionally p 0 0 r . l~~ However, in 1984, the successful use of plasma infusions to manage two consecutive pregnancies in a women with chronic, relapsing TTP was first reported.259 Since this report, several others describing successful therapy of TTP during pregnancy have appeared.lS5 One report described two patients with chronic, relapsing TTP and prior fetal Management of TTP and HUS in pregnancy.
deaths who experienced successful pregnancies when treated prophylactically with aspirin and dipyridamole, and with plasma infusion for mild relapses.260 Another report described a successful pregnancy outcome in a patient with TTP who did not respond to plasma infusions, but responded dramatically to plasma exchange261 and was subsequently managed with aspirin and dipyridamole. The successful management of a pregnancy in a patient with chronic relapsing TTP and a prior history of fetal death, using regular infusions of plasma, cryosupernatant and a high molecular weight plasma fraction (HMW-F) has also been reported.262 The amount of plasma required to maintain this patient's disease in remission was substantially greater during pregnancy than antepartum, and the use of HMW-F significantly reduced the volume of infusions needed to maintain a remission. Thus, although a large experience in the treatment of pregnant patients with TTP has not been reported, it appears that the prognosis for such patients has improved since the widespread use of plasma therapy for this disorder.
The therapy of adult HUS occurring in the peripartum or postpartum setting, as well as in other situations, has been much less satisfying than that of TTP. Because of the rarity of this syndrome, only anecdotal reports concerning its therapy have appeared. Supportive care remains the mainstay of therapy for adult HUS.165,259 In many cases this involves dialysis, with particularly close attention to fluid management. The use of platelet function inhibitors has been reported to be associated with clinical improvement in four adults with HUS, two cases of which occurred during pregnancy.263 Another report described the efficacy of therapy with heparin and antiplatelet agents in 11 adults with HUS264; 4 patients were left with chronic renal failure, and 2 died (one with intracranial hemorrhage), demonstrating the risk of administering anticoagulant therapy in this setting. Furthermore, randomized studies in children have not shown heparin to be of benefit in the therapy of HUS, and suggest that its use may actually be detrimental.265 Similar results have been reported with thrombolytic agents.266 Anecdotal reports have suggested that prostacyclin infusions267 and vincristine268 may benefit occasional patients with HUS, but these remain unconfirmed. Finally, isolated reports of successful therapy of HUS with plasma infusion and/or exchange have appeared,ls5 though this modality does not appear to be as efficacious in this disorder as in TTP. 13. Karpatkin S: Autoimmune thrombocytopenic purpura. Semin Hematol22: 260, 1985 14. Berchtold P, McMillan R: Therapy of chronic idiopathic thrombocytopenic purpura in adults. Blood 74:2309 Blood 74: ,1989 15. Bussel JB, Schreiber AD: Immune thrombocytopenic purpura, neonatal alloimmune thrombocytopenia and post-transfusion purpura, in Hoffman R, Benz EJ, Shattil 100. Bieglmayer C, Rudelstorfer R, Bart1 W, Janisch H: Detection of antibodies in pregnancy serum reacting with isolated placental basement membrane collagen. Br J Obstet Gynaecol 93: 815, 1986 101. Rappaport VJ, Hirata G, Yap HK, Jordan SC: Antivascular endothelial cell antibodies in severe preeclampsia. Am J Obstet Gynecol162: 138, 1990 102 
